Neuro-muscular transmission in blood vessels: phasic and tonic components. An in-vitro study of mesenteric arteries of the rat.
For many years noradrenaline was considered to be the exclusive transmitter released from sympathetic nerves. However, during recent years both ATP and NPY have been suggested to be co-transmitters to noradrenaline in these nerves. The present study aimed to investigate the functional relationship between these suggested transmitters during nerve stimulation with different frequencies and in different extracellular calcium concentrations. Also the importance of the pattern of nerve stimulation and the potentiation of the neurogenic response after a period of high-frequency nerve stimulation were investigated. Contractions caused by nerve stimulation and applied agonists were investigated in segments of small mesenteric arteries from rat. The biophysical, electrophysiological, and pharmacological properties of these vessels are well characterized in previous studies. The rapid contraction caused by a single nerve stimulus, the "single twitch", and the initial, phasic contraction caused by high-frequency nerve stimulation were only slightly affected by alpha-adrenoceptor blockade with prazosin, whereas the tonic response to high-frequency stimulation was markedly reduced. The phasic responses and those to low-frequency nerve stimulation thus appear to be due mainly to a non-adrenergic transmitter. After inhibiting the response to exogenous ATP by alpha beta-methylene ATP, the response to single impulses and to low-frequency nerve stimulation were markedly reduced, while those to high-frequency stimulation were unaffected. This suggests that ATP acts as a true transmitter in sympathetic nerves, being responsible mainly for rapid responses to low-frequency stimulation, and for the initial part of responses to high-frequency stimulation. When alpha beta-methylene ATP and prazosin were given in combination, no contraction was obtained during nerve stimulation at any frequency. However, if in this situation a contraction was induced by e.g. exogenous vasopressin, field stimulation caused a further, slow contraction. This additional response was undoubtedly neurogenic, but required high-frequency nerve stimulation. The response to nerve stimulation was found to be calcium-dependent, the calcium-dependency being more pronounced at low than at high stimulation frequencies. A continuous, high-frequency (8-16 Hz) nerve stimulation could greatly (5-15 fold) enhance the response to subsequent low-frequency nerve stimulation. This potentiation increased with the frequency of the conditioning stimulation and, within limits, with the number of impulses delivered. Also the extracellular calcium concentration during the conditioning stimulation determined the magnitude of the potentiation. This post-tetanic potentiation has many characteristics in common with the post-tetanic potentiation studied in the central and somatomotor nervous system.(ABSTRACT TRUNCATED AT 400 WORDS)